It is demonstrated that the rate of sedimentation of a system of particles in an ionic liquid may vary markedly with the ionic concentration, due to variation in the electroviscous forces which resist shear in the double layer of ions associated with each particle. Equations governing the rate of sedimentation are derived, and used to calculate values for the electrokinetic potentials of carborundum in potassium chloride solutions, from data on sedimenta tion velocity. These values are compared with those previously obtained from data on electro-endosmosis.
It is well known that when an electrical double layer at an interface is sheared, a potential gradient is set up in the plane of shear. It has been shown (Elton 1948 a, b)
that in the case of an ionic liquid flowing through a narrow channel, the electrical resistance to shear of the double layer may be of the same order of magnitude as the mechanical (viscous) resistance, with the result that the liquid has an abnormally large apparent viscosity. It is proposed to demonstrate in this paper that a similar effect becomes noticeable in the sedimentation of particles in suspension in an ionic liquid, and that the rate of sedimentation of a particle in a given liquid may provide useful information concerning the electrokinetic potential at the particle/liquid interface.
S e d im e n t a t io n p o t e n t ia l s
Consider a system of spherical particles of radius a and density p2 sedimenting in an infinite volume of a solution of a uni-univalent electrolyte of ionic concentration n. Let this solution be of density p x, and have an electrokinetic liquid interface.. Let the particles be of concentration N per unit volume, being separated by distances such that each may be considered as a separate unit, electric-' ally and mechanically. Let the specific conductivity of the suspension as a whole be k. This will be very nearly equal to the bulk conductivity of the solution. As the particles fall through the liquid, a sedimentation potential gradient will be set up, given by " 4:7ra2cruN E = ------------, 1 K where or is the charge per unit area on a particle, and u is the velocity of sedimentation. The charge carried by the particle is equal to the net charge in the associated double layer, and provided that the radius of the particle is much larger than the effective thickness of the double layer, we may write where px is the charge density a t a plane distance from the particle surface, and is given by the Poisson equation for a plane surface
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where ijr is the potential at distance x from the surface, and e is the dielectric constant a t th a t point, usually taken as equal to the bulk dielectric constant of the liquid. From equations (2) and (3) j:
th a t is, _ e 47r[da;Jo 0 when x = oo, this becomes
Verwey & Overbeek (1948) show th a t this leads to (4) (5)
12n ekT \ * . , / e^0\ (7) nt, T the absolute temperature, e the charge on
where rja is the total apparent viscosity, we obtain the expression for the sedimenta tion potential the electron and ifr0 = £. From equations (1) and (7), and setting u Sna^p.
er / er When -*s' w^en £ ^ 50 mV, we may write s i n h l^^l = w^en equation (8) reduces to
where A , the Debye-Hiickel 'double-layer thickness'.
Although this approximation is only strictly valid for very small electrokinetic potentials, the work of Verwey & Overbeek indicates th at it may adequately repre sent experimental data a t rather higher values.
In cases where the double-layer thickness is not negligible compared with the radius of the particle, Verwey & Overbeek show th at the charge per unit area on the particle is for small values of £ approximately (10)
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The rate of sedimentation of a particle in the suspension as postulated will be smaller than it would be in a non-ionic liquid having the same density and viscosity, since it is subjected not only to viscous retarding forces, but also to an electrical retarding force exerted on its associated charge by the potential through which it falls. At equilibrium, that is, for uniform rate of sedimentation,
where i fi s the viscosity of the suspension in the absence of electrical retarding forces, and rja is the total apparent viscosity.
Hence, substituting for E, cr and u, we have
For small values of £ this reduces to aHK*N
I t is shown experimentally in the following section th a t the difference between V and 7/a may be considerable. The effect of increasing the salt concentration of the solution will be to decrease £, and a t high concentrations, when £ tends to zero, 7 ja will tend to i). In cases where A is not negligible compared with a, the charge per unit area on the particle is given approximately by equation (10), and equation (13) becomes
E xperimental
In order to test experimentally the equations derived above, it was proposed to make observations on the rates of sedimentation of two available specimens of carborundum. Fairbrother & Mastin (1924 , 1925 have studied electro-osmosis of various electrolytes in diaphragms of carborundum, and used the HelmholtzSmoluchowski equation r w
where v is the velocity of electro-endosmosis under a potential gradient E to calculate electrokinetic potentials from their data. These values for £ are thus available for comparison with values of £ which may be calculated from equation (12) if the rate of sedimentation of particles in suspension in a liquid of given concentration is known, and compared with the rate of sedimentation in the absence of electro viscous forces, that is, as the concentration tends to infinity. The main difficulty to be expected in calculating the electrokinetic potential in this way lies in the fact that the particles are not spherical. Since the irregularly shaped particles would have a larger surface area than spheres of the same effective radius (as determined by sedimentation velocity), the charge transported will be greater, and the value of £ calculated on the assumption th a t the particles are spheres will be larger than the true value. However, if the equations derived above represent correctly the conditions governing sedimentation, values for the electrokinetic potentials at least of the right order should be obtained.
The two carborundum specimens used were separated by successive sedimentation from 600-and 800-mesh material supplied by the Carborundum Company, Ltd., and microscopic observation indicated th at they were of uniform particle size. The specimens were treated with aqua regia, and washed many times with distilled water, followed by several washings with conductivity water. AnalaR potassium chloride recrystallized from conductivity water was used in the preparation of the solutions. The specific conductivity of the water used was about 0-6 x 10-6 ohm-1 cm.-1.
The apparatus in which sedimentation was carried out consisted simply of a measuring cylinder of length 30 cm. and diameter 3-5 cm., fitted with a ground-glass stopper. Into this was introduced 200 ml. of the solution to be used, containing 1 x 10-3g./ml. of carborundum in suspension. The tube was clamped vertically in a thermostat maintained at 25-00 + 0-005° C until temperature equilibrium had been reached, then removed for a few moments and thoroughly shaken to bring the carborundum into a uniform state of suspension. The tube was replaced vertically in the thermostat, and the sedimentation observed. I t was seen after a short time th a t there was a sharp division between the sedimenting suspension and the clear liquid, giving a meniscus th at was more or less concave, due probably to wall effects and to the extra time taken for the particles to detach themselves initially from the edge of the air/solution interface. The bottom of the meniscus, in the middle of the tube, was observed, and the time taken to fall between various fixed marks on the tube determined. A graph of distance below the surface of the solution against time was plotted for at least two determinations on each system, a straight line being obtained after a few minutes. The slope of this line was determined by the method of least squares from each set of data, results being reproducible to about 2 %. I t was found th at as the salt concentration was increased from very small values, the rate of sedimentation of a given suspension increased markedly. When the concentration had reached a value of about 1 x 10-3n, the rate of sedimentation was only slightly increased by further additions of salt. Data for the two suspensions are given in table 1, together with an extrapolated value for R m, the limiting rate of sedimentation in concentrated solutions. Values for the electrokinetic potentials of the carborundum in the various solutions were then calculated both from equation (12) and from equation (13) in each case, making the simplifying assumption th at the particles were spherical. The results of these calculations are given in table 2, together with the values obtained at the same concentration by interpolation from the data of Fair brother & Mastin. The final column of table 2 shows the ratio between the mean values of £ as determined by sedimentation, using the exact equation (12), and £ as determined by electro-endosmosis. It is seen th at the values calculated from the data using equation (13) are very high, since the approximation
